Abstract: Different species, hybrids and varieties of the genus Hippeastrum (Amaryllidaceae) are planted for ornamental purposes and at the same time they represent a rich source of interesting secondary metabolites called Amaryllidaceae alkaloids. These compounds display a wide spectrum of biological activities. In the current study, six Hippeastrum taxa were evaluated for their alkaloid profile by GC-MS. Using preparative TLC, five alkaloids were isolated in pure form, and three of them evaluated for cytotoxic and antiproliferative potencies on a panel of human cancer cells of different histotype (Jurkat, MOLT-4, A549, HT-29, PANC-1, A2780, HeLa, MCF-7 and SAOS-2). In parallel, normal MRC-5 human fibroblasts were employed to determine the compounds´ overall toxicity against non-cancer cells. The most intriguing cytotoxic profile was demonstrated by montanine (1) with IC50 values between 1.04 -1.99 µM.
Plant Source
In the course of phytochemical studies of Amaryllidaceae plants we analysed different Hippeastrum cultivars. The fresh bulbs of all Hippeastrum taxa (between 150 g -250 g) were obtained from the herbal dealer Lukon Glads (Sadská, Czech Republic). The botanical identification was performed by Prof. L. Opletal, CSc. Voucher specimens are deposited in the herbarium of the Faculty of 
Previous Studies
Plants of the genus Hippeastrum, commonly called amaryllis, and Amaryllis belladonna, commonly called belladonna lily or naked lady, are similar in appearance except that A. belladonna has a solid flower stem while Hippeastrum has a hollow one [1] . Plants known as "amaryllis", "Dutch amaryllis", and "giant amaryllis" belong to the genus Hippeastrum, and those grown today are mostly hybrids of several species from South America and South Africa. Hippeastrum species have been traditionally used to cure piles, tumors and various inflammatory disorders [2] .
The antitumor properties of the Amaryllidaceae alkaloids, such as lycorine, haemanthamine, and pancratistatine, are well known [3] . Lycorine and haemanthamine are easily isolated from natural sources and displayed significant in vitro cytotoxic activity against several different types of cancer cell lines including MOLT-4, Hep-G2, HeLa, MCF-7, CEM, K562, A549, Caco-2, and HT-29 [4, 5] .
The Amaryllidaceous cultivars have advantages for commercial alkaloid production since they are available in large quantities. To our knowledge, no studies have been carried out until now on the alkaloidal profile of a collection of Hippeastrum cultivars. In the current study, six Hippeastrum horticultural cultivars were evaluated for their alkaloid profile by GC-MS. Furthermore, five alkaloids were isolated in pure form from alkaloidal extracts and three of them were tested for their cytotoxic activity. The cytotoxicity of the isolated compounds has been studied on a panel of ten cancerous and noncancerous cell lines.
Present Study
In the bulb extracts of the studied six ornamental varieties of Hippeastrum cultivars, 20 compounds with typical mass spectra of Amaryllidaceae alkaloids were detected. Eighteen of them were identified based on their mass spectra, retention times and retention indexes and belong to the crinine, haemanthamine, galanthamine, homolycorine, lycorine, montanine, and tazettine structural types of Amaryllidaceae alkaloids. The alkaloids marked as A1, A2 and A3 displayed mass spectra typical for Amaryllidaceae alkaloids, however left unidentified. Considering their low concentrations (< 5% of TIC), their isolation and structural elucidation could be problematic. From the mass spectrum of alkaloid A2, some structural aspects can be concluded. The fragmentation pattern, especially the presence of an intense peak at m/z 109 such as in masonine and homolycorine [6] , indicates the homolycorine structural-type of Amaryllidaceae alkaloids. Other fragments of the mass spectrum displayed only weak intensities, and are not valuable for exact identification of detected alkaloid. The relative proportion of each alkaloid was determined as a percentage of the total ion current (TIC). The peak areas reflect the ability of each compound to be ionized and thus the data given in Table 1 are semiquantitative. Nevertheless, they can be used for comparison between samples. Furthermore, five Amaryllidaceae alkaloids from different Hippeastrum cultivars have been isolated by preparative TLC in pure form.
Based on the obtained GC-MS results it can be concluded that cultivars of Hippeastrum are a rich source of different biologically active Amaryllidaceae alkaloids (Table 1) . Lycorine, the most abundant Amaryllidaceae alkaloid, has been identified in all the studied cultivars, with the highest concentration being detected in Hippeastrum cv. Daphne (56% of TIC). In fresh bulbs, galanthamine, the most well known Amaryllidaceae alkaloid, was detected, but only in some cultivars, and mostly in trace concentration. In the alkaloidal extract of H. cv. Pretty Nymph, two alkaloids of the homolycorine structural type have been identified as major components, namely homolycorine (40% of TIC) and hippeastrine (22 % of TIC).
Using preparative TLC, five Amaryllidaceae alkaloids ( Figure 1 ) have been isolated in pure form from various Hippeastrum cultivars. The compounds were identified by MS, 1D and 2D NMR spectroscopic analyses and by comparison of the obtained data with the literature as montanine (1), vittatine (2), 11-hydroxyvittatine (3), lycorine (4) and hippeastrine (5). To study the anticancer effect of three of the isolated compounds, which have not been described by our laboratory previously {montanine (1), vittatine (2) and hippeastrine (5)}, cytotoxic and antiproliferative potencies were screened on a panel of human cancer cells of different histotype (Jurkat, MOLT-4, A549, HT-29, PANC-1, A2780, HeLa, MCF-7 and SAOS-2). In parallel, normal MRC-5 human fibroblasts were employed to determine the compounds´ overall toxicity against non-cancer cells. The cytotoxic activity of these alkaloids was evaluated using the WST-1 metabolic activity assay. To find the best of them with very high cytotoxicity, the alkaloids were tested for growth-inhibitory activity in all 10 cell lines at a single dose of 10 µM (Figure 2 ). For each alkaloid tested, the sensitivity in an individual cell line and the mean growth percent (GP) value was calculated as an average of 10 cell lines proliferation in percent (Table S1 ). The threshold GP value for this screen was < 50% (50% tumor growth inhibition), indicating good activity at 10 µM. The most active alkaloid in the field of cytotoxicity and antiproliferative activity seemed to be montanine (1), which was found to inhibit Jurkat, MOLT-4, A549, HT-29, PANC-1, A2780, HeLa, MCF-7 and SAOS-2 cancer cell growth with a score ≤ 50% at 10 µM concentration (Table S2) . Thus, IC50 values of montanine (1) in the range below 10 μM were determined. As shown in Table 2 , montanine (1) showed highest activity towards Jurkat, MOLT-4 and A549 cells. Jurkat cells were highly sensitive to montanine treatment (1) , with an IC50 of 1.04 μM. Alkaloids of montanine structural type such as montanine (1), pancracine (7), coccinine (8) and manthine (6) seem to be promising compounds in the search for new anticancer drugs. They are characterized by a 5,11-methanomorphantridine ring system and differ only in the substitutions and configuration at C-2 and C-3 centers (Figure 1 ) [12] . Some of these compounds have been screened on different cancerous cells [13, 14] . Montanine (1) and manthine (6) showed strong in vitro growth inhibitory effect on three cancer cell lines resistant to apoptosis (A549, SKMEL-29, U373) and three cancer cell lines sensitive to apoptosis (MCF7, Hs683, B16F10) with IC50 values between 5 and 31 µM [14] , but for both of them the molecular mechanism of the anticancer activity is still waiting to be described. In another recent study, the C-2α-/C-2β-methoxy isomers montanine (1) and coccinine (8) were found to have a significant effect on the proliferation of human breast, colon, lung, and melanoma cancer cell lines during 48 h of treatment. The obtained results revealed that montanine (1) has a more promising cytotoxic activity (IC50 values were 1.9 ± 0.4 µM for A549 cells, 6.8 ± 0.5 µM for HCT-15 cells, 23.2 ± 1.9 µM for SK-MEL-28 cells, 4.4 ± 0.4 µM for MCF-7 cells, 3.4 ± 0.9 µM for MDA-MB-231 cells, 3.6 ± 1.7 µM for Hs578T cells) in comparison with coccinine (8) (IC50 values were 5.9 ± 0.8 µM for A549 cells, 16.8 ± 1.8 µM for HCT-15 cells, >50 µM for SK-MEL-28 cells, 7.9 ± 0.9 µM for MCF-7 cells, 13.8 ± 0.8 µM for MDA-MB-231 cells, 5.3 ± 0.4 µM for Hs578T cells) [15] . However, since previous studies demonstrated that montanine (1), manthine (6) and coccinine (8) could effectively suppress viability and proliferation of human cancer cells, the molecular mechanism of their cytotoxic activity has not yet been fully explored and is still waiting to be described. In conclusion, plants of the genus Hippeastrum are an interesting source of Amaryllidaceae alkaloids of different structural types. The Hippeastrum cultivar Pretty Nymph has been selected for detailed phytochemical study because of its high content of the alkaloid montanine (16 % of TIC), which showed promising cytotoxic activity on a panel of nine cancerous cell lines. After isolation of a sufficient amount of montanine from H. cv Pretty Nymph, the molecular mechanism of the compound´s cytotoxic activity will be studied in more detail. To look at montanine´s ability to decrease the proliferation of cancer cells, the real-time label free cell proliferation method xCELLigence RTCA will be used. The impact of montanine on the distribution of cell population in a specific phase of cell cycle and induction of apoptosis will be determined using a flow-cytometry method. If either the intrinsic or extrinsic pathway of apoptosis is involved in montanine-induced cytotoxicity, activity of caspases, especially of -3/7, -8, and 9 will be measured. The follow-up step to reveal the molecular mechanism underlying the cytotoxic effect of montanine will be the detection of proteins related to apoptosis induction or to activation of cell cycle check point controls.
